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To measure t h e  c o n c e n t r a t i o n  o f  a gas i n  t h e  t roposphere,  t h e  gas f i l t e r  radiom- 
e t e r  c o r r e l a t e s  t h e  p a t t e r n  of t h e  s p e c t r a l  l i n e s  o f  a sample o f  gas conta ined w i t h i n  
t h e  ins t rument  w i t h  t h e  p a t t e r n  of t h e  spec t ra l  l i n e s  i n  t h e  u p w e l l i n g  r a d i a t i o n .  I t  
has very-high-energy throughput ,  and i t  i s  ab le  t o  t a k e  advantage o f  m u l t i p l e x i n g  
s i n c e  a l l  wavelengths w i t h i n  t h e  r a t h e r  broad passband reach t h e  d e t e c t o r  a t  t h e  same 
t ime.  The e f f e c t i v e  r e s o l u t i o n  can be made very h i g h  s i n c e  i t  i s  determined by t h e  
p r o p e r t i e s  o f  t h e  i n t e r n a l  gas c e l l .  Because t h e  ins t rument  does use i n t e r n a l  gas 
c e l l s  as sources o f  t h e  re fe rence spect ra,  any s i n g l e  ins t rument  can o n l y  measure a 
l i m i t e d  number o f  gases. I n  general ,  ins t ruments can be b u i l t  t h a t  a r e  rugged and 
l i g h t w e i g h t ,  r e q u i r e  modest amounts o f  power, and have low data  ra tes .  
A schematic diagram o f  a genera l i zed  gas f i l t e r  rad iometer  i s  shown i n  f i g u r e  9. 
Energy t h a t  has been e m i t t e d  by o r  r e f l e c t e d  f rom a background t a r g e t  i s  t r a n s m i t t e d  
th rough t h e  atmosphere t o  t h e  inst rument .  The i n d i v i d u a l  gases w i t h i n  t h e  atmosphere 
s e l e c t i v e l y  absorb and re-emi t  t h e  energy i n  a p a t t e r n  o f  l i n e s  t h a t  i s  un ique t o  
each p a r t i c u l a r  gas. I f  t h e  atmosphere i s  c o o l e r  than t h e  r a d i a t i o n  source, which 
may be e i t h e r  t h e  Sun o r  t h e  sur face  o f  the Ear th,  t h e  gas removes a n e t  amount o f  
energy f rom t h e  beam, and t h e  l i n e s  a r e  seen as a b s o r p t i o n  l i n e s .  I f  t h e  atmosphere 
i s  warmer t h a n  t h e  source, t h e  gas c o n t r i b u t e s  a ne t  amount o f  energy t o  t h e  beam, 
and t h e  l i n e s  a r e  seen as emission l i n e s .  I f  t h e  gas i n  t h e  atmosphere i s  a t  t h e  
same temperature as t h e  r a d i a t i o n  source, t h e  gas emi ts  an amount o f  energy equal t o  
t h a t  which i t  absorbs and, hence, t h e  atmospheric gas cannot be seen. C l e a r l y ,  
exper iments t h a t  use r e f l e c t e d  s u n l i g h t  always opera te  i n  absorpt ion.  A f t e r  b e i n g  
gathered by t h e  f o r e o p t i c s ,  t h e  energy passes th rough t h e  gas c e l l  modulator  t o  t h e  
d e t e c t o r s .  I n  most o f  t h e  ins t ruments  now be ing  used, t h e  s i g n a l  i s  synchronously 
de tec ted  a t  t h e  modulator f requency a t  the d e t e c t o r  ou tpu t .  T h i s  s i g n a l  i s  r e l a t e d  
t o  t h e  degree o f  c o r r e l a t i o n  between t h e  absorp t ion  l i n e s  i n  t h e  incoming energy and 
t h e  a b s o r p t i o n  l i n e s  o f  t h e  gas contained i n  t h e  modulator.  
The ins t ruments  c u r r e n t l y  i n  use can be d i v i d e d  i n t o  two b a s i c  types, depending 
upon t h e  t y p e  o f  gas c e l l  modulator used. 
a l l y  based upon t h e  p r i n c i p l e  used i n  the  S e l e c t i v e  Chopper Radiometer (SCR) f i r s t  
f lown on t h e  Nimbus 4 s a t e l l i t e  as a s t r a t o s p h e r i c  temperature sounder (Abel e t  a l . ,  
1970). I n  t h i s  implementat ion o f  t h e  p r i n c i p l e ,  t h e  incoming r a d i a t i o n  i s  chopped 
between a f i x e d  pressure  and pa th- length  c e l l  c o n t a i n i n g  a sample of t h e  gas o f  
i n t e r e s t  and a vacuum c e l l  o r  another gas c e l l  c o n t a i n i n g  a sample o f  t h e  gas a t  a 
p ressure  d i f f e r e n t  f rom t h a t  o f  t h e  f i r s t  c e l l .  The ins t rument  can be arranged so 
t h a t  t h e  incoming energy passes a l t e r n a t e l y  th rough t h e  two c e l l s  t o  a s i n g l e  detec- 
t o r  o r  so t h a t  t h e  beam i s  d i v i d e d  and passes th rough t h e  two c e l l s  s imu l taneous ly  t o  
two separa te  de tec tors .  Both  arrangements have been used t o  measure carbon monoxide 
i n  t h e  atmosphere from an a i r c r a f t  p l a t f o r m  (Acton e t  al., 1973; and R e i c h l e  e t  a1 ., 
1986a). Only t h e  second implementat ion has been used t o  measure t r o p o s p h e r i c  carbon 
monoxide f r o m  a s a t e l l i t e  p l a t f o r m  (Reich le e t  al., 1986b). The major  advantages o f  
Ins t ruments  o f  t h e  f i r s t  t y p e  a r e  gener- 
*Prepared panel  r e p o r t .  
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t h e  t w o - c e l l  modulator are s i m p l i c i t y  and freedom t h a t  one has i n  s e l e c t i n g  c e l l  
leng ths ,  pressures, and m a t e r i a l s .  The major  disadvantage o f  t h e  t w o - c e l l  modulator  
i s  t h e  d i f f i c u l t y  i n  i n s u r i n g  t h a t  t h e  two o p t i c a l  l e g s  o f  t h e  ins t rument  a r e  main- 
t a i n e d  i n  a balanced c o n d i t i o n ;  t h a t  i s ,  f o r  example, t h a t  t h e i r  o p t i c a l  charac ter -  
i s t i c s  do n o t  change d i f f e r e n t l y  as a r e s u l t  o f  environmental  i n f l u e n c e s .  
d i  f f e r e n t i  a1 changes usual  l y  r e s u l t  i n  zero-sh i  f t re1 a ted  e r r o r s .  I n  o r d e r  t o  
c i  rcumvent t h e  d i f f e r e n t i a l  changes t h a t  occur red  i n  e a r l y  t w o - c e l l  ins t ruments  , a 
s i n g l e  o p t i c a l - p a t h  ins t rument  was developed a t  Oxford U n i v e r s i t y .  C a l l e d  t h e  
pressure-modulated rad iometer  ( o r  p.m.r.), t h i s  dev ice  conta ins  o n l y  a s i n g l e  c e l l  , 
and i t  i s  t h e  second t y p e  modulator  i n  use. 
gas i n  t h e  c e l l  are changed, o r  modulated, by means o f  a p i s t o n  arrangement t h a t  
s i n u s o i d a l l y  changes t h e  c e l l  pressure.  T h i s  dev ice  has been a p p l i e d  t o  t h e  measure- 
ment of s t r a t o s p h e r i c  and mesospheric temperature and composi t ion i n  a number o f  
exper iments f lown aboard t h e  Nimbus s a t e l l i t e  s e r i e s  by t h e  Oxford group. The l a t e s t  
o f  these was t h e  S t r a t o s p h e r i c  and Mesospheric Sounder (SAMs) exper iment f lown aboard 
Nimbus 7. Because o f  i t s  s i n g l e  o p t i c a l  path,  t h i s  modulator  i s  i n h e r e n t l y  f r e e  f rom 
t h e  d i f f i c u l t i e s  encountered i n  a t t e m p t i n g  t o  balance two d i f f e r e n t  o p t i c a l  paths.  
I t s  major  disadvantage, i n  i t s  p resent  implementat ion a t  l e a s t ,  i s  t h e  l i m i t e d  range 
o f  mean pressures and pressure d i f f e r e n c e s  t h a t  can be achieved. A v e r s i o n  o f  t h i s  
dev ice  was evaluated as a cand ida te  f o r  a p p l i c a t i o n  t o  t h e  remote sensing o f  t r o p o -  
s p h e r i c  species.  The r e s u l t s  o f  t h a t  s tudy are  summarized i n  Orr and R a r i g  (1981). 
The o v e r a l l  conclusions o f  t h e  s tudy were t h a t ,  because of t h e  l i m i t a t i o n s  o f  mean 
pressure  and pressure r a t i o n ,  t h e  a p p l i c a t i o n  o f  t h e  p.m.r. t o  t r o p o s p h e r i c  remote 
sensing was l i m i t e d .  
Such 
The t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  
The nex t  s e c t i o n  descr ibes t h r e e  ins t ruments  t h a t  have a p p l i c a t i o n  t o  remote ly  
measuring t ropospher ic  c o n s t i t u e n t s .  
CURRENT GAS FILTER RADIOMETERS 
The Gas F i l t e r  Radiometer (GFR) 
The MAPS experiment f lown on t h e  second f l i g h t  o f  t h e  Space S h u t t l e  d u r i n g  
November 1981 measured t h e  t r o p o s p h e r i c  carbon monoxide m i x i n g  r a t i o  a long t h e  sub- 
s a t e l l i t e  t r a c k  over a p e r i o d  o f  12 hours between 38"N l a t i t u d e  and 38"s l a t i t u d e .  
S ince  t h i s  was the  f i r s t  measurement o f  t h i s  gas made f rom a space p l a t f o r m ,  t h e  
ins t rument  w i l l  be descr ibed i n  somewhat g r e a t e r  d e t a i l  than  w i l l  t h e  o t h e r  
p r e v i o u s l y  mentioned inst ruments.  
The inst rument  l a y o u t  i s  shown i n  f i g u r e  10. T h i s  ins t rument  i s  o f  t h e  SCR t y p e  
i n  t h a t  i t  d i f f e r e n c e s  t h e  s i g n a l  as seen th rough two f i x e d  c e l l s .  The energy e n t e r s  
t h e  ins t rument  through t h e  o b j e c t i v e  l e n s  and i s  chopped a g a i n s t  a re fe rence b lack-  
body by a r o t a t i n g  chopper. A f t e r  pass ing th rough a f i e l d  stop, a beam combines ( t h e  
f u n c t i o n  of which w i l l  be discussed l a t e r )  an a p e r t u r e  s t o p  and a broad-band f i l t e r .  
The beam i s  d i v i d e d  by a s e r i e s  o f  b e a m s p l i t t e r s ,  and i t  passes t o  t h r e e  de tec tors .  
Before reach ing  two of t h e  de tec tors ,  t h e  energy passes th rough 1-cm-long gas c e l l s .  
One of these i s  f i l l e d  w i t h  76 T o r r  o f  pure C O Y  w h i l e  t h e  second i s  f i l l e d  w i t h  
266 T o r r  of pure CO. The outputs  of t h e  t h r e e  d e t e c t o r s  a r e  d i f f e r e n c e d  t o  fo rm two 
d i f f e r e n c e  s i g n a l s ,  AV = vD3 - vD2 and AV'  = v D 1  - vD2. The ou tpu t  of d e t e c t o r  D2 i s  
a l s o  demodulated t o  form a broad-band r a d i o m e t r i c  s i g n a l  c a l l e d  V t h a t  i s  i n d i c a t i v e  
o f  t h e  temperature o f  t h e  u n d e r l y i n g  sur face.  Two i n t e r n a l  b lackbodies c a l l e d  b a l -  
ance sources a r e  chopped a t  t w i c e  t h e  s i g n a l  frequency by t h e  r o t a r y  chopper. 
r a d i o m e t r i c  d i f f e r e n c e  s i g n a l  f rom these t a r g e t s  i s  combined v i a  t h e  p r e v i o u s l y  
ment ioned beam combiner and d i r e c t e d  on to  t h e  d e t e c t o r s .  A f t e r  demodulat ion a t  t h e  
The 
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d e t e c t o r s ,  t h i s  s i g n a l  i s  used t o  d r i v e  an automat ic  g a i n  c o n t r o l  c i r c u i t  t h a t  main- 
t a i n s  t h e  ins t rument  i n  t h e  balanced cond i t ion .  I n  s p i t e  o f  t h e  extreme temperature 
v a r i a t i o n s  encountered on t h e  Space S h u t t l e  f l i g h t  (caused by t h e  f a i l u r e  o f  a 
c o o l a n t  loop  temperature c o n t r o l l e r ) ,  t h i s  ins t rument  performed very w e l l .  
Because t h e  ins t rument  views t h e  n a d i r  i n  t h e  4.67 pm band, t h e  s i g n a l  r e c e i v e d  
by t h e  ins t rument  i s  i n t e g r a t e d  over  t h e  depth o f  t h e  atmosphere. 
t h e  s i g n a l  received,  as a f u n c t i o n  of a l t i t u d e ,  i s  descr ibed by a s i g n a l  f u n c t i o n ,  
which i s  analogous t o  t h e  w e i g h t i n g  func t ion  as used i n  d e s c r i b i n g  t h e  performance o f  
r a d i o m e t r i c  temperature sounders. The s ignal  f u n c t i o n s  f o r  t h e  two channels as f l o w n  
on t h e  STS-2 a r e  shown i n  f i g u r e  11. Since t h e  s i g n a l  r e c e i v e d  i s  p r o p o r t i o n a l  t o  
t h e  i n t e g r a l  o f  these curves, i t  can be seen t h a t  bo th  channels r e c e i v e  t h e  m a j o r i t y  
o f  t h e i r  s i g n a l  f rom t h e  midd le  and upper t roposphere.  N e i t h e r  channel r e c e i v e s  much 
i n f o r m a t i o n  f rom t h e  m i x i n g  l a y e r  because o f  t h e  low thermal c o n t r a s t  between t h e  
atmosphere and t h e  sur face  o f  t h e  Ear th.  
The v a r i a t i o n  o f  
F i g u r e  12 shows a t y p i c a l  o r b i t  o f  CO da ta  produced by t h e  MAPS ins t rument .  
The open spaces i n  t h e  t r a c e  a r e  caused by t h e  presence o f  
(Because t h e  sampl ing r a t e  i s  h i g h  a t  1 sec- l ,  t h e  i n d i v i d u a l  da ta  p o i n t s  a r e  n o t  
r e s o l v e d  on t h i s  f igure . )  
c louds i n  t h e  f i e l d  o f  view, which renders t h e  da ta  nonreducib le .  
To b e t t e r  demonstrate t h e i r  g loba l -sca le  p a t t e r n s ,  t h e  da ta  were averaged over  
5" l a t i t u d e  by 5" l o n g i t u d e  g r i d  squares. The da ta  f rom t h e  h i g h e r  p ressure  channel 
presented i n  t h i s  way a r e  shown i n  f i g u r e  13. 
r a t i o  w i t h  bo th  l a t i t u d e  and l o n g i t u d e  i n  t h e  T r o p i c s  and i n  t h e  Nor thern  Hemisphere 
a r e  c l e a r l y  shown. These g l o b a l - s c a l e  pa t te rns  i n  t h e  CO data,  which a r e  so e v i d e n t  
i n  t h e  s a t e l l i t e  data, would have been very d i f f i c u l t  t o  measure, e i t h e r  f rom 
surface-based o r  a i  r c r a f t - b a s e d  p la t forms.  
The s t r o n g  v a r i a t i o n s  o f  t h e  m i x i n g  
The Halogen O c c u l t a t i o n  Experiment (HALOE) 
Another gas f i l t e r  rad iometer  s i m i l a r  i n  p r i n c i p l e  t o  t h e  MAPS i n s t r u m e n t  has 
been b u i l t  by NASA as p a r t  o f  t h e  Upper Atmosphere Research S a t e l l i t e  (UARS) which 
w i l l  be launched d u r i n g  1989. T h i s  inst rument  measures v e r t i c a l  p r o f i l e s  o f  severa l  
c o n s t i t u e n t s  i n  t h e  s t r a t o s p h e r e  by viewing t h e  Sun d u r i n g  s u n r i s e  and sunset as seen 
f rom t h e  spacecra f t .  A schematic diagram o f  t h e  ins t rument  i s  shown i n  f i g u r e  14. 
Because t h e  Sun i s  now t h e  r a d i a t i o n  source, t h e  f i e l d  o f  view of t h e  i n s t r u m e n t  i s  
much narrower.  Only a s i n g l e  balance source i s  requ i red .  As can be seen f rom 
t a b l e  V I ,  t h e  ins t rument  has e i g h t  channels-- four a r e  g a s - f i l t e r  channels and f o u r  
a r e  broadband rad iometer  channels, and these channels span t h e  range f rom 2.5 t o  10 
vm. A d i c h r o i c  b e a m s p l i t t e r  i s  used t o  separate t h e  r a d i a t i o n  p r i o r  t o  i t s  passage 
th rough t h e  gas c e l l s .  A t  t h e  present  t ime, t h i s  ins t rument  represents  t h e  h i g h e s t  
devel  opment of an SCR-type gas f i 1 t e r  radiometer as a spaceborne remote sensor. 
Gas F i l t e r  C o r r e l a t i o n  Spectrometer Developed a t  Centre f o r  Research 
f o r  Experiment Space Science (GASCOFIL) 
Whi le  t h i s  ins t rument  i s  n o t  now being developed f o r  a space a p p l i c a t i o n  (as a r e  
MAPS and HALOE), it i n c o r p o r a t e s  c e r t a i n  new ideas  ( o r  advancements on o l d  ideas)  
t h a t  cause i t  t o  be impor tan t  f o r  any new ins t rument  development. 
l i k e  t h e  o r i g i n a l  SCR, i s  a s i n g l e - d e t e c t o r  ins t rument  r a t h e r  than a m u l t i p l e -  
d e t e c t o r  i n s t r u m e n t  as a r e  MAPS and HALOE. 
t h e  d i f f e r e n c e  s i g n a l  i s  formed on t h e  s i n g l e  d e t e c t o r  by v a r y i n g  t h e  c e l l  t h a t  i s  i n  
The ins t rument ,  
I n  t h i s  implementat ion of t h e  technique,  
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the optical pa th .  T h i s  was previously done by means of a rotary or vane chopper and 
a system of mirrors. In the GASCOFIL instrument, this i s  accomplished by moun t ing  
the gas c e l l s  and vacuum c e l l s  i n  a rotary wheel and rapidly spinning the wheel 
th rough  the optical path. The detector then sequenti a1 ly  "sees" the scene through 
the gas ce l l s  and vacuum ce l l s .  
scene, the detectors "see1' the spokes o f  the wheel. The output of the detector i s  
amp1 i f i ed  and immediately digitized. The signal corresponding t o  each cell  or spoke 
i s  then stored i n  a separate memory location of a microprocessor-based computer. 
Because a l l  signals are handled as d i g i t a l  rather t h a n  analog data, the problems of 
amplifier d r i f t  are greatly reduced. Further, i t  i s  possible t o  adjust  cer ta in  
parameters (averaging time, for  example) i n  the software of the microprocessor rather 
than the hardware. This considerably increases the f l ex ib i l i t y  and adaptability of 
the instrument. 
Between each gas cel l  and/or vacuum cell  view of the 
The GASCOFIL instrument has been operated i n  a portable mode t o  measure SO2 i n  a 
power plant plume i n  Ontario, Canada, w i t h  excellent resul ts .  
wavelengths i n  the near UV.  
T h i s  application used 
Tests t o  measure CO u s i n g  the 4.67 pm band are planned. 
CAPABILITY FOR REMOTELY SOUNDING TROPOSPHERIC CARBON MONOXIDE 
A s e t  of preliminary calculations to  determine the f eas ib i l i t y  of performing a 
mu1 t i  p l  e-1 ayer, tropospheric carbon monoxi de measurement experiment has been carri  ed 
o u t .  The calculations assume a U.S. Standard Atmosphere for  the temperature prof i le  
and a typical value for  the CO mixing ra t io .  
equilibrium w i t h  the underlying surface, which was e i ther  land or water. 
4.67 and 2.33 pm bands were investigated. The line-by-line radiative t ransfer  
program was the same a s  tha t  used i n  the reduction of the MAPS data. 
these calculations are shown i n  figure 15 and table  VII. 
three-1 ayer measurement i n  the troposphere i s  feasible.  The signal functions fo r  the 
two higher a l t i tude channels are generally similar t o  those of the OSTA-1 MAPS exper- 
iment; they have been made somewhat narrower by varying the ce l l  conditions. The 
signal levels are o f  the same order as  those achieved by the MAPS experiment. To 
make measurements i n  the mix ing  layer where the temperature contrast  between the 
surface and the gas i s  small, i t  i s  necessary t o  use reflected sunlight i n  the 
2.33 pm region. (This, of course, limits the measurements t o  daytime only.) The 
s igna l  levels are now about 2 orders of magnitude lower than those obtained i n  the 
longer wavelength channels. Measurement of the reflected s u n l i g h t  component will 
require some engineering advance over the MAPS instrument, b o t h  i n  terms of noise 
level and s tab i l i ty .  T h i s  will require some engineering development, b u t  i t  should 
require no new technology. The calculations summarized i n  f igure 15 and table VI1 
assume a generic gas f i l t e r  radiometer. 
chopping between the indicated cell  1 engths and pressures w i t h  the appropriate noi se 
level and  s tab i l i tv  would be capable of making the measurement. 
The a i r  i s  assumed t o  be i n  thermal 
B o t h  the 
The resul ts  of 
I t  can be seen t h a t  a 
' 
Therefore, any instrument capable of 
RECOMMENDATIONS 
T h i s  group feels t h a t  the fo l lowing  i s  an appropriate evolution of a tropo- 
spheric measurement program u s i n g  gas f i 1 t e r  radiometry . 
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Now t o  1992 
1. E x p l o i t  HALOE and/or GASCOFIL technology t o  design, b u i l d ,  and f l y  a t h r e e -  
l a y e r  t r o p o s p h e r i c  CO measurement and t o  f l y  i t  on a NOAA o p e r a t i o n a l  
s a t e l l i t e .  
2. Test  t h e  f e a s i b i l i t y  of measuring CH by m o d i f y i n g  t h e  c u r r e n t  MAPS i n s t r u -  
ment and f l y i n g  on a Space S h u t t l e  f 4 i g h t .  
3. Carry out  s t u d i e s  t o  determine t h e  f e a s i b i l i t y  o f  measuring o t h e r  t r a c e  
gases. 
1192 - 2001 
1. B u i l d  a m u l t i p l e - l e v e l  CO instrument f o r  EOS t h a t  i n c l u d e s  t h e  c a p a b i l i t y  o f  
measuring CH4 and o t h e r  gases as shown f e a s i b l e  v i a  numerical  s i m u l a t i o n s  and 
f 1 i ght  t e s t s .  
2. Perform f e a s i b i l i t y  s t u d i e s  o f  an inst rument  t h a t  rep laces  t h e  gas c e l l  w i t h  
an e ta lon ;  O3 and NH3 a r e  candidate gases. 
2001 - Beyond 
1. B u i l d  advanced ins t rument  based on r e s u l t s  o f  number 2 above. 
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TABLE VI.- HALOE INSTRUMENT CHARACTERISTICS 
GAS 
GAS 
ALTITUDE OF BAND SIGNAL 
SIGNAL PEAK LEVEL 
HF 
H C E  
CH 4 
NO 
co 2 
H20 
03 
NO2 
co 
co 
CENTFR 
(CM- 
2 450 mb 4.67pm 2.5 x 10-7w/cm sr 
200 mb 4.67vm 1 x 10 w/cm sr -7 2 
4078 
2940 
289 1 
1900 
3572 
1514 
996 
1600 
50% POINTS 
(CM- 
4047 ‘6 4109 f 6 
2910 2 6 2970 f 6 
2870 f 6 2912 f 6 
1883 f 6 1917 5 6 
3537 2 6 3608 f 6 
1506 f 6 1522 f 6 
976 2 6 1017 f 6 
1591 f 5 1607 f 5 
MAX 5% POINT 
WIDTH 
117 
108 
82 
62 
128 
29 
78 
29 
TABLE V I  I .- SUMMARY OF SIGNAL CHARACTERISTICS (ADVANCED SOUNDER) 
I I I 1 1 
I C 0  I O m b  I 2.3pm I 2 x 10-9w/cm2sr I 
28 
EARTH SOURCE f 
ATMOSPHERE 
DIFFERENCE 
DIFFERENCE 
81 CHOPPER 
F i g u r e  9.- GFR schematic. 
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F i g u r e  10.- MAPS i ns t rumen t  l a y o u t .  
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SIGNAL FUNCTION 
F i g u r e  11.- MAPS OSTA-1 s i g n a l  func t ions .  
LONGITUDE I degrees I 
F igu re  12.- MAPS data (1 o r b i t ) .  
MAPS OSTA-1 CO(ppbv) NOV. 14, 1981 
40N 
20N - 
0 -  
20s- 
4os 
I I I I I I I I 
c' 
, , i- 6666 5398.65. 
71737565 5 6 6  
.... 
74 69 66 64 
64 65 67 72 68 63!..--48 47 
51 5560 6666 5 l 3 4 9  - 
61 5958 
BO 53 7570 7260 
..,.585758 
'' 5858 
69 ... : .67-59....,: 57 64 m i . .  9 
58 57 %;&? 82 '.6!i 6.3 91 
59 55 07 91 ,:..' 72 ::.:, 9496 85 92 '...' .' - 
54 52 9693 .91 ... .., 7s 
..: 64 
:.."6258 65 
61 .... 
57 54 
5056 5354 51 52 54 
54 5456 52 
61 5963 4545 43 
626057 5447 454342 363644.i  
52 5.3,..." 60 59 
57 59 58 46 45 64 - 
5656 M 5554 56 44 49 41 ..,,$7'45 
59565763 57524850 60 5959 5353 49 ..:. 43 
I I I I I I I 
40N 
20N 
0 
20s 
40s I 4849 
:j_ 59 58 
Figure 13.- MAPS data  (5" x 5') 266T. 
Figure 14.- HALOE schematic. 
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SIGNAL FUNCTION 
Figure 15 . -  Signal functions (advanced sounder). 
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